Abstract. The role of lower hybrid waves at the magnetopause is reexamined. It is found that for the maximum observed wave power, the lower hybrid waves are unstable to a modulational instability on the magnetosheath side of the magnetopause. The modulational instability leads to localized field structures , oriented predominantly along the magnetic field. Such patchy lower hybrid turbulence has been observed by some spacecraft. As a result of the large Ti/Te ratio, the waves saturate by ion heating; as a result, unlike other settings (e.g. comets, critical ionization phenomena), energetic electrons are not expected. The stochastic electron transport in the presence of such turbulence is analyzed and results in strongly anisotropic electron diffusion, with the dominant direction across the magnetic field. The diffusion rate exceeds significantly that expected from quasi-linear considerations and, for magnetopause parameters, also exceeds the rate discussed by Sonnerup (1980).
Introduction
The magnetopause is one of the key boundary layers responsible for determining the overall magnetospheric structure.
It is the interface between the solar and terrestrial magnetic fields and is thus responsible for regulating the flow of mass and energy from the solar wind to the magnetosphere. Two distinct types of magnetopause structures are possible, depending upon whether mass can access the magnetosphere directly or not. If material can flow directly through the magnetopause, there is a direct connection between the solar and terrestrial magnetic fields, and the magnetopause is said to be "open". On the other hand, if there is no topological connection, the magnetopause is said to be "closed", and any material accessing the magnetosphere must somehow "diffuse" across the magnetic field. The present paper is only concerned with the latter class of magnetopause behavior; the open magnetopause will not be further discussed.
When the magnetopause is closed, it resembles a classic tangential discontinuity (TD). A TD is one of the
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four fundamental classes of discontinuity that fian exist in a magnetohydrodynamic description of a plasma (the others being shocks, rotational and contact discontinuities). It is characterized by the absence of normal plasma flow and magnetic field components. The only condition that must be satisfied is that the sum of the plasma and magnetic pressure be constant. Such structures have been investigated theoretically [Cargill and Eastman, 1991 values of E 2 as large as 10 -3 V2m -2, far larger than discussed elsewhere. The reason for the discrepency is unclear, although it may be related to the frequencies they considered.
Using (2) for ko, the stability condition (6) becomes 
then, using (6)and (10), we find kñR ' 
Electron Transport Due to Modulational Instability
In the previous section we have concentrated on what could be termed "local" aspects of the MI such as particle heating and wave intensity levels. However, the MI also has important implications on larger scales. The collapse of the LH waves will result in a very patchy structure of the turbulence, with the waves confined to regions that are elongated substantially along the magnetic field. Figure 1 shows While we showed in the previous section that electron heating due to modulationally unstable lower hybrid waves was small, the structure of the turbulence has significant implications for cross-field electron transport. We can calculate the cross- A final point should be made. Quasi-linear theory requires that the linear modes are preserved, and that they interact coheren•ly with particles over length scales of many wavelengths. In the case under consideration, the linear modes of the homogeneous plasma have been destroyed by the wave collapse and the wave-particle interactions are no longer coherent but are due to cumulative transit effects. A statistical "stochastic" theory is then required to describe the resultant transport [Morales and Lee, 1975] . A formal theory, such as developed by Krommes [1984] , results in transport that is quadratic in the electric field (i.e., or E•'), similar to (17). This similarity to quasi-linear theory is due to the fact that in both cases we consider the lowest-order terms. However, while quasi-linear theory requires that phase resonance be maintained over distances of many wavelengths, the stochastic theory is nonresonant.
Discussion and Conclusions
We have investigated the role of the modulational instability of lower hybrid waves at the magnetopause. For typical values of magnetopause lower hybrid turbulence, the modulational instability should be triggered, leading to ion heating and cross-field transport of electrons. The turbulence is predicted to have a very clumpy structure, so that the electron transport is due to their interaction with a series of finite sized regions of turbulence (or scattering centers). The cross-field diffusion coefficient exceeds that required by Sormerup [980] .
One possible limitation of the present analysis is that the MI appears to be limited to the magnetosheath side of the magnetopause, whereas lower hybrid turbulence is seen to penetrate significant distances into the magnetosphere. In addition, from the perspective of diffusion, one would like the diffusing electrons to also penetrate into the magnetosphere. Unfortunately, the group velocity of the lower hybrid waves in the cross-field direction is rather small (of order the ion thermal speed), so that this issue needs to be addressed.
